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As with other excavating equipment, the procedure is first to calculate 
the theoretical capacity without any delay factor and estimate working canacity 
from this figure by deducting a certain percentage which will represent in one 
lump the effect of all delay factors, ‘the accuracy of the final results of 
such a calculation will depend entirely upon the accuracy with which the per- 
centage reduction is determined, . 


Weather conditions cannot be forescen in many parts of the country; in 
others they can be assumed as fairly constant for considerable periods of 
time, 7 


The character of the material to be dug may vary with each excavation 
even though they are located in close proximity in the same deposit, Cemented 
gravel will retard production by offeriug more resistance to the scraper than 
loose sand, <A deposit containing a large percentage of Doulders likewise will 
be more difficult to excavate than material of comoaratively uniform gradation, 
However, the power scraper is not limited in the distance it must be dragged 
to fill itself, it is potentially digging from the time it starts till it 
dumps, By that is meant it is moving over the deposit in digging position, 

It is true that the design of some scrapers causes them to lift and drag 
free when once loaded, but this does not alter the point under discussion, 


The shovel dipper or dragline or crane bucket is in contact with the 
deposit for a limited time in which to load, If for any reason it is not. 
filled in that time it must be returned for another attemmt or swung with a 
partial load, The dragline can vary tuis by increasing the dragging dis- 
tance, On the other hand, the power scraner, if not immediately filled, can 
usually complete its load as it procee<s withous loss of time, Therefore 
cemented gravel or boulders do not offer the same delay to loading time as 
tney do in other tynes of equipment, Yor. instance, the scraner may fail to 
bite through a cemented deposit at one noint on its first trip but will pick 
un its load beyond, Each subsequent trin, however, it will tear away more 
of the cemented material until finally it cuts clear through, In heavy 
boulders it may ride over then at the start but will pick wo a few and string 
the others out along its path so that they can de caught on subsequent trips, 


In excavation from wet cits the scraper seldom brings an overload to 
the dump, The buoyancy of the water usually acts to remove a pile pushed 
ahead of the scraper, In dry excavation it is not uncommon to see the scraper 
pushing as much ahead of it as it holds itself, This is especially true in 
digging banks in which the tail suoport is at a higher elevation than the 
head mast, Caved material runs into the trench ahead of the scraper and is 


~ pushed along by it, 


Scrapers are designed differently for different kinds of excavation, 
Some have straight cutting edges while others have curved ones, and usually 
any type may be fitted with cutting teeth where needed, For difficult exca- 
vation heavier scrapers are needed which have more penetrating power, 


The effect of delays due to accessory haulage equipment when required. 
is the same as that for other tynes of excavators, 
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In some scraper installations the position of the operator is such that 
he can see the scraper at’ all times, In others ne may see it only for part - 
of the trip, and in still otners he cannot see it at all but must ‘devend 
upon marks on the cable or hoist drum to tell him where it is, Obvi'dusly, a 
clear view of the scraper ae all times promotes efficiency. 


7 o- 


The sizill and ability of the onerator will have. its effect onthe ¢apac- 
ity of a power scraper. This effect will be at a minimum in installations 
em loying the power return, In this case he has only two motions to control, 
one pulling the scraper towards him and one wulling it away. Where ‘the - 
gravity return is used a certain amount of t ime is lost during manipulation 
of levers and regulation of tension on the track cable, and the effect. of 
the efficiency of the operator will be more nearly comarable to that of tne 
operator of a enOve® or dragline, 


“From this discussion it is evident that the divergence between theoreti- 
cal and working canacity for the power scraner will be less than for the: 
vower shovel, dragline, or crane, This does not mean, however, that it can 
be disregarded entirely, For instance, as the operator throvs his hoist 
into motion at the loading point, there will be a lapse oi time before tue 
scraper starts to move, due to the necessity for taking up the slack in tie 
load cable and bridle, In some material it may be necessary to move the 
scraper at reduced speed tntil it starts to load, When the dwming point is 
reached theoretically there is no 2npreciable delay in reversing the hoist 
aud scraper motion, Practically, horever, there is, because the hoist again 
nas to tale wo the slack in the vull~baci cable. In this case the slack .is 
usually greater than with the load cable, When the tail suxort must be 
moved the design of the set-up with regard to facility of changing position 
will earners the time required in moving, and thus . the ultimate capacity. 


“With installations in which the oull~back cable is threaded through a 
sneave in the top of the scraper, the loss of time cue to taking up slack 
in the cables is reduced, Also by anipulating the brake on one drum against 
the clutch on the other, both load and pull-back cables may be kept taut. 


With gravity-return installations the return sneed is increased, but. 
more time is required by the operator in manipulating the tension on the 
track gable.. On long spans this can be done while the scraper is in motion, 
thnis enables the gravity-return scraper to operate over long spans with 
oder or oheee economy. 


The eaten of a cubic yard of gravel varies in different ‘geographic 
localities cdenending upon the a of the bani and the moisture con- 
tent. 


To estimate the capacity of a »ower scraper in wnich the empty is re- 
turned by the outhaul cable, the innaul and outhaul sneeds of table 14 are 
used to calculate a theoretical time cycle in seconds exclusive of any delay 
after the following manner: | 


The hauling distance (feet) x 60 , the ni nauling distance (feet) x 60, 
The loading speed (f.p.m.) the outhaul speed (f.pom.) 
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In estimating the capacity of a gravity-return scraper the inhaul and 
average gravity-return sneeds of table 14 are used in the same manner, Dut 
to the sum thus found must be added an arbitrary factor to cover the time 
lost in manipulating the tension on the track cable, etc. Exverience has 
shown this to range from 15 to 25 seconds, The theoretical time cycle then 
becomes: 


The hauling distance (feet) x 60 , the havling distance (feet) x 60 4. 


The loading speed (f.p.m.) average gravity return speed (f.v.m.) 
the lost time factor in ssconds, 


The theoretical capacity in cubic yards per hour for any given haulage 
distance may then be computed as follows: 


Rated scraper cavacity (cubic yards) x 3,600 seconds, 
Time cycle (seconds) 


To facilitate computation table 16a has been conmmiled showing the 
theoretical time cycles for various lenzths of haul using mecnanical-return 
and table 16b for gravity-return installations, Using these time cycles, 
the theoretical casacity has been calculated and is presented in cubic yards 
per hour in table 17, a and b, 


The corresnonding estimated working capacities in tons per hour are 
shown in table 18,a and b, In arriving at these estimates the figures of 
the tables have been reduced first to tons by using 2,900 and 3,240 pounds 
per cubic yard for minimum and maximum. The minimum figures have then been 
reduced by 25 percent and the maximum by 10 percent, In other words, the 
author recognizes the difference in the weight of gravel from different 
sections of the country. He also estimates that delays other than lever 
manipulation will reduce the theoretical capacity 10 to 25 vercent, The 25- 
percent reduction is designed to represent excavation in difficult ground 
and the 10-percent one in easily dug ground, fr course, instances 
will be found where the capacity may be reduced below the mininum figures 
given due to local conditions, but these ranges are believed to be fairly 
accurate in representing day-to-day production, 


OLACKLINE CABLEWAY EXCAVATOR 


The slackline cableway excavator, or "slackline," is a development of 
the power scraper, By adding a track cable and trolley to the power scraper 
the time required to return the emoty scraper to the pit was sneeded up, The 
next logical evolution was a similar speeding up of the inhaul trip, This 
could not be accomplished with the power scraper since the scraper must be 
dragged all the way on the ground because of its bottomless construction, 

The slackline, by utilizing the track cable and a bucket similar in con- 
struction to the dragline bucket, is enabled to speed uo both the inhaul 
and outhaul trips. 
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Except for the bucket, the slacltline closely resembles the gravity- 
return power scraper: in that it is a dual.unit consisting of a head mast or 
tower and a tail anchorage between wnich-is stretched a heavy tracic cable 
carrying a trolley from which the bucket is suspended, (See fig, 4.) Near — 
the head tower this track cable is attached to one of a set of double or 
triple blocks, the other-of which is fastened at tne top of the head mast, 
(See fig. 5.) The tension cable threaded through these blocks is brought | 
down to and wound around one drum of the hoist, The tail end of the track 
cable is threaded through a saddle siieave swung from a short steel or 
timber tower and is fastened to a bridle frame beyond, To the bridle. frane 
are attached two cables connected with anchored hand’ winches for rapid —— 
shifting (fig, 4), or to a bridle cable anchored at each end (fig. 5), The 
tail tower is set on rollers to facilitate lateral: movement. as needed, .__ 


The inhaul cable runs from the hoist to a sheave in the head tower and 
thence to the bucket. When empty the bucket is returned. ‘by even, 


The head tower may be either a simple: wooden or steel mast pronerly 
gsuyed or amore elaborately fabricated counterweighted tgs ve. Ee ghee 
or mounted on rollers, trucks, or a caterpillar SheSei es: | : | 


In order to provide elevation to enable the bucket to dig at the ex- 
treme end, the tail structure is usually a movable tower. . However, if the 
topography is such that the prover elevation-is available the tower may be. 
Seen neared and the ee cable attached directly to the shifting bridle, 


In ee eeiticn the: gc digs material in the same manner as the power 
scraper except that the bucket when loaded is elevated by tightening the © 
track caodle and . is hauled | in while it is, suepenees in the air, 


Starting with the tack ele ‘slackened and the picket in the pit ready 
to dig, the sequence of operations is as follows: The overator starts the 
hoist drum to which the inhaul cable is ‘attached and: drags the bucket over 
the deposit until it is filled....He then engaz:es the drum attached to the : 
track cable and tightens it. By doing this he raises the bucket clear of the 
ground, Then he shifts to a higher hauling speed on the inhaul line and 
brings the bucket’ to, the dumping point. Here a stop on -the track cable en- |. 
gages the prover mechanism attached to-the bucket, and it dwms automatically, 
The inhaul drum is then released, and the empty bucket returns by gravity 
over the still-tight track cable,. As-the bucket approaches the digging point. 
the track cable is slackened and the bucket lowered to the surface of the - 
deposit | for ue next load, 


Except for: the ime: required to fill the bucket it is traveling clear 
of the ground suspended from the trolley | on the track cable. This permits 
nigh epeode in pom pe Chnov es” 3 


The gigcictine bce Like Ghar power scraper; for axel fixed position of ' 
head and tail suonorts travels in a straight line, and: the excavatable area 
is little more than the width of the bueket at the bottom of its troughed 
path, As the trough deepens and the sides eaves the area widens, For greater 
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area the tail swoport is moved laterally or both head and tail swovorts are 
so moved, 


Owing to the heavy tension recuirsd on the traciz cable to lift the loaded 
bucket clear of the ground, tue tail anchorage is usually of nore. substantial 
construction than with the power screper, 


Waile vortable towers may be and are used for slackline excavators, they 
mast be heavily counterbalanced to withstand the heavy tension on the traci 
cable, , , 


Excavation may be radial or rectangular as desired, the same as with the 
power scraner, The slackline may be used to strin the deposit, and because 
vhe bucket can. be raised clear of the ground it can dum the overvurden clear 
of the excavated gravel bank, The power scraner mast drag its load over this 
bank, thus. the edge of the pit is contaminated with material stripyed from 
the more distant area, The scraper can, of cowrse, return and clean this 
aiterial from the bank in a second bite, The slacicline, however, can do the 
mole job cleanly at one attemot,. © : | : | 


Eventually a distance between head and tail symports will be reached 
beyond which it becomes uneconomical to operate, but until this distance is 
reached the slackline dges its-own nauling, Because of its ability to sveed 
“9 both inhaul and return speeds the economic hauling distance is greater 
wian with the power scraper. In fact, the slackline has a greater reach from 
a single set-up than any other tyne of excavating equipment. No fixed rule 
Soverns wnat this maximum economic dist:.nce will be. It will vary with the 
size of the scraper, the power applied to the load cable, the inhaul and 
sravity return soveeds, the tyme of material to be dug, the plan of excavation, 
ine design and weight of the bucket, and the tonnaye required in a given time, 


A second slackline may be set'w to act as a transportation unit for the 
Gizging unit, or a power scraver may be so used, Moreover, any other type 
of transportation unit may be emloyed as with the power scraper, 


The slackline may be used either for wet or dry excavation, and a con- 
siderable depth below grade may be reached, Large boulders and cemented ~ 
gravel offer the same difficulty to the slackline as to the power scraper, 
although because of the suiding; function of the track cable and trolley there 
is less opportunity for lateral slinoage of the ‘bucket. 

Tie tail siwnort need not be on the saie level as the head mast, In 
“.ct, its top must be lower to provide an inclined track for gravity return. 
Jor this reason the slackline is not ayolicable to the excavation of high 
banks, , | . 


Structural Linitations 


The slackline cableway excavator, like the power scraper, operates from 
“1e surface of the ground, Only the bucixet and cables enter the pit, For 
‘ais reason it may be used for either dry or wet excavation, | 
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Since the erpty bucket is returned to the vit by gravity, the top-of the 
tail sunport must be sufficiently below the top of the nead mast to provide 
the necessary gradient, ‘This limits the aoplication of the slacikline to sub- 
surface. pits, and. it. cannot be used to excavate eu Seat Ee: 

The height of head and tail suoports will aesaua eset upon the 
topography of the deposit, .In. some cases a shorter head tower may be placed 
on an- elevation, In Sienay. the tail tower may be in a vrevious excavation 
also enabling a shorter head tower to be used, The height of tne head tower, 
however, will devend largely woon the tyve of terminal used, If the material 
is delivered by the slaccline direct to the: treatment plant the tower must 
reach far enough above it to provide -duming height, ‘Lhis height may be 
greater than actually necessary, to provde. the required gradient. The tail 
tower, excent where topography permits, must be high enough to clear the 
bucket and trolley assembly with the track cable taut, In any ‘case, the ; 
difference in elevation between the tops of head.and tail towers should be- 
not less than 10 percent or more than 15 percent of the total span between 
them, Generally speaxinz, the minimum head-tower height should -be one sixth 
to one tenth the total span, 


The horizontal reach “of the ‘alae 2 he is. ‘the. greatest. ie ali exeavarin 
equipment ‘from a single set-uo.’ In other words, the combination of high 
mechanical ‘inhaul speed with gravity return enables the slackline to reach 
farther from a central. point, However, there is an economic. limit to this 
norizontal reach denending ujson the local conditions, the size of the bucket, 
the hauling and return speeds, and the production required in a given time, 
The minimum span for slacklines is about. 300 feet, but this may be extended 
to l, 500 or even 2, 000 feet for the larger. buckets, : | 


As usually ‘insta lice, the toed ‘span oP a pladeine is about 100 feet 
greater than. the total length of excavations. This excess span is caused by 
the necessity for. dump ing SACO a, treatment plant, ond tail-tower cleara:ce. 
Thus the average haul’ for a iven width, of excavations will be 50 feet 
greater than one half that width in straightline excavation, In radial coera- 
tion the average haul will exceed 70 percent of the excavation width by tue 
same 50 feet, : | 


| The depth below anes. to: which a. ‘eiaciane may: spe mito ad vary wita 
- local conditions of topography. character of material,.etc.e, but may be 
eee at 20 to 25 percent of the total snan, 


The. height above car emee to which the. Sines yg ets elevate its bucket 
for duming depends upon the height of. the head tower and factors affecting 
that height, In the larger bucket sizes more elevation is needed to clear 
the bucket and trolley Wecenuiy: For instance, while the 3 1/2-cubic yard 
bucket requires 36 feet of mast height: above the dumping point the 1/3-cubdic 
yard bucket iam = 22 ove 


Table 18 gives bay: sSeeentall sae eee ranyes. and traveling speeds 
as taken from various manufacturers! catalogs. . ed 
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The slackline bucket is furnished in several different designs to fit 
cifferent local conditions and the ideas of manufacturers or users, In 
general the same factors must be considered in adapting the design to local 
conditions as affect the dragline bucket. The ability to load depends upon 
the angle of the cutting teeth, the width of tne cutting edge, the location 
of the point at which the loading briale is attached, and the weight of the 
bucket, Loading ability is of greater importance with the slackline than 
with the power scraper because once lifted from the deposit on the inhaul 
the slackline has no further upportunity to complete a partial load as does 
the scraner, 


Slackline buckets are dumped automatically while suspvended from the © 
track cable at the dumping point, Various arrangements for this purpose are 
provided by the manufacturers, of which some provide almost instantaneous 
discharge of the contents wnile others provide a gradual discharze,. 


Slackline excavators may be operated by gasoline, Diesel, electric, or 
steam power plants, The power plant consists of a multiple—drum hoist 
placed on the head tower or other convenient point, Slackline hoist require- 
ments present problems peculiar to this type of equipment, and sometimes 
electric or steam power is preferred, 


Table 19 gives the power requirements recommended by manufacturers, 
Service Equipment Required 


As usually supplied, the slackline excavator may be classed as belonjzing 
to the sdmiportable type of equisment, Hithcr tower may be mounted ona 
movable chassis, but the head mast when used for gravel excavation is usually 
stationary, Tne power unit placed in or near the head mast does not recuire 
constant shifting of the power cables, water lines, or fuel lines, 


The slackline is a transnorting as well as excavating unit within the 
limits of its span. However, it can deliver to other types of haulage equiv- 
ment if necessary, such as autotrucks, railway cars, or conveyor belts, iike 
the power scraper, delivery by tne slacikline to other types of conveyors 
ordinarily is accomplished through loading bins, A power scraper or secon¢ 
Sleacxline may be used as an auxiliary haulage unit to serve the excavating 
wit. In this case the excavator dumps to a storage pile from which the 
second unit recovers its load, 


Slackline excavators may be used as purely transportation fnits, By sub 
stituting flat skips for digging buckets, the slackline may be used to trans- 
port material from a power shovel, drazgline, or crane, The excavating unit 
in tnis case loads the skips which are picked up by the slackline. 


In sand and gravel excavation, however, the ordinary installation of . 
slackline excavators requires the machine to dig the material and deliver it 
to the treatment plant without auxiliary haulage or excavation equinvment, 
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Conacity 
, 2 I | | - 
Theoretically the capacity of a slaciline excavator de»vends‘upon the 
size of the bucket; the loading, inhaul, and. a a a speeds; and the 
distance between digging | DOs and Gump 5 : : 


The working capacity depends upon all of conees factérs and erre 
Local or seasonal weather conditions: must te:considered,’. However, since 
the slackline is operated. by one man only and he can be srotected from rain, 
local showers have not the same imoortance as delay factors as with other 
types of equinment, Other factors are the charac¢ter'of the material to be 
dug, waetier eacavation is wet or dry, the design and weight of the bucket, 
the service rendered by the -accessory haulaz x> equipment, if any, and the 
efficiency of the operator as shown by his proficiency in raising and lower- 
ing the track cable during jnhaul and return time and in-gaging loading time 
to obtain a full bucket and not Deore 9 tnis time beyond that pears for 
loading, , , 

As with other types of equipment, the tabulation of theoretical capacity 
is valuable only in reaching a figure which may be reduced arbitrarily by a 
constant evaluated by local conditions and experience in order to arrive at 
a safe estimate of working capacity. | 


The grates of the material to be cug varies widely over short dis- 
tances at times and at others is quite constant throughout the deposit, tne 
slackline will handle boulders and cemented gravel in the same manner as a 
power scraper if the traci cable is left slack on the inhaul, but in the 
usual installation the bucket is lifted.from the, ground on the inhaul and 
then cannot push large boulders ahead of it in the disging trou | 


In wet or ary bits the ‘siachians bucket. ‘does not brine an ayerieat to 
the dump in the same sense that the power scraper does. |: Bucket design 
varies with local conditions as ‘it does EO power scrapers | 


The effect of ‘delays due eo: access Ory niin er eee the same 
as that with other types of ex ‘cavating equinment exceot that it may be 
tempered by the use of storage bins or piles at the discharg ze end, 


The peeeses of a ‘slackline is -agaua ie fe) placed ae he: can. see ine 
bucket at all times, While it is true that he has only two major motions 
to control, as with the power scraper, namely the teniwn'on the track cable 
and the operation of the inhaul, cable, the manipulation and coordination of 
these motions require considerably more time and closer. ‘application than is 
necessary with the scraper, The track cable may be. ti shtened while the 
bucket is being loaded, and it may be slacked off while tne. eupty bucket is 
being returned by gravity. However, the inhaul arwi of: the slackline has 
two speeds, one slow for digging and one fast for transnorting the loaded 
bucket to the dumo , The transition from loading to imieul speed is not 
instantly oossible, and either :during this cnange of. snecd or immediately 
before the track cable must be tightened, This necessitates the use of 
more than the two levers used on the power scraper, Tue coordination of © 
these several movements and’ speed adjustments closely perallels: the time and 
attention necessary. in manipulating a shovel or drazline. . 
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The divergence between the theoretical and working cagacities of the 
slackline will be greater than that with the »ower scraper and will more 
nearly correspond to that of the s shovel and, drag line. 


There will be a small aelay in picking un the slack in the load cable, 
but since there is no outhaul cable there is no slack to take up in starting 
the bucket on its return, The initial return movement will be slow but will 
accelerate as gravity overcomes the rolling friction of. the trolley, This 
return speed must be decelerated by braking as the bucket anproaches the 
digging point; thus the tabulated gravity-return sneeds are average speeds 
calculated for various lengths of haul, 


The release of the tension on. the track cable to lower the bucket to 
the pit again requires the careful attention of the operator as did its 
tightening at the start of the cycle, 


The time lost due to lever manipulation on slaciklines has a somewhat 
different effect on capacity than with the shovel and dragline, The time 
required to loosen and tighten the track cable and operate the levers re- 


meins practically the same for individual operators except as they gain 
efficiency by experience,. The length of haul, however, continually changes; 
hence the ratio of this lost time iG the total cycle varies with the length 
of haul, For example, if the total cycle for a 450—-foot haul is 190 seconds 
and the operating time loss 25 seconds, the ratio is 1 to 4, Ona haul of 
1,000 feet, the same equinvment would have a total cycle of avout 190 seconds, 
The operat ing time loss remaining as before at 25 seconds, the ratio is 1 to 
7.6. Thus the effect of operating losses decreases as the hauling distance 
increases, Mathematical evaluation of this loss is difficult because of the 
personal arene due to the aa ae of the operator, 


The slackline baeote is satier in design to that of the dragline and 
the manner of loadin,s is also similar, ‘These buckets will usually load in 
3 to.6 times their own length; therefore loading distances are assumed as 
used in dragline calculations, namely, 10 to 20 feet for the. _ Macs and 


3/4—cubic yard buckets, and 15 to 30 feet for the 1-, 1 1/2-, 2-, 2 1/2, 3, 
and 3 1/2-cubic yard buckets. ~ 


In considering. loading time it’ must be remevibered that the slackline 
operator must load nis bucket in one attenot. If the bucket. is only vartly 
loaded in that first try he cannot stop and return it for another bite as he 
can with the shovel or dragline, Therefore he must gage his loading time 
for such drags ing distance as experience has vroved sufficient in the material 
he is digging and not greater than is necessary to load the bucket fully. 
Since the bucket is considerable distance from him he cannot see this opera- 
tion as readily as with the shovel or dragline, There is therefore a greater 
chance for hauling in a partly filled bucket with the slackline, unless the 
loading time is extended beyond the average indicated. by experience, Since 
the sum of inhaul and return times of the slackline exceeds the swing and re- 
turn time of the shovel and dragline and constitutes most of the slackline 
cycle, the importance of loading the bucket fully at each trip becomes appar- 
ent. In this sense the efficiency of the operator becomes of even greater 
moment with the slackline than with the shovel or dragline, 
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the first step required in computing the capacity of a slackline cable~ 
way excavator is determination of the theoretical time cycle, This is ob- 
tained by adding the time periods for each canmonent operation in the com- 
plete cycle and an additional period representing the time lost in manipulat- 
ing the levers and adjusting the tension on the track cable, 


the component overatinz steps are loadinz, inhaul, and empty return, 
Loading time is a function of the sneed of the loading cable and the dis- 
tance necessary to drag the bucicet to fill it and may be expressed as follows: 


Loading distance in feet, 
Loading speed in f,p.m,. 


Inhaul time is a function of the speed of the inhaul cable and the dis-~ 
tance between the point at which loading ceases and the dump and may be ex- 
pressed as follows: ) 


Hauling distance in feet, 
Inhaul speed in f.v.m. 


The empty return time is a function of the distance between the dump 
and point at which loacing starts and the speed at which the bucket returns 
to the pit, This speed is influenced by the length of span, gradient and 
arc of the track cable, frictional resistance of the trolley and unwinding 
inhaul cable and drum, and weight of the bucizet. Obviously these factors 
will vary with each installation, For instance, on short spans the gradient 
of the track cable may be all downhill, On lon; spans the are is downhill 
to a@ noint ranging from one half to three fourths the total span and from 
there on to the tail tower the arc is wohill,. Therefore on snort spans the 
bucket returns at a constantly accelerating speed (except for the apnlica-— 
tion of the brake), whnile.on long spans the speed accelerates to the low 
point in the arc ana then the momentum of the bucket carries it uphill 
against gravity. Frictional resistance will vary with the size, weiztht, 
and length of the inhaul cable and the mechanical construction of the equin- 
ment, 


Therefore exact calculations for any individual installation would in- 
volve extended and intricate technical mathematics, Moreover, each differ- 
ent haulage distance would present a new set of calculations, Consequently 
the average return speeds as cetermined over a long period of exnerience 
and involving many time studies by various operators is used, as shown in 
table 18, These average speeds are 1,000 feet per minute for the 1/3, 
1/2-, 3/44, and l-cubic-yard buckets to 1,300 feet per minute for the larger 
sizes, However, on the extremely long spans such as 800 to 1,000 feet for 
the 1 1/2- and 2-cubic-yard buckets and 1,000 to 1,500 feet for the longer 
sizes an average of 1,200 feet per minute is used to comensate for the de- 
celeration due to wohill climb on the long spans, 


The gravity return time may be expressed thus: 


Return distance in feet 


ee ee a a a eo an 


Average return speed, f.i.m. 
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The overating time loss is a function of the efliciency of the. ‘operator 
and the hoist mechanism, This also depends woon many ‘variables and cannot be 
calculated exactly, Exorience and time studies show such losses to average 
25 seconds per cycle and for une puroose of this paver are considered to range 
from 20 to SO seconds, : - 


The theoretical 6: ims cycle in seconds may then be calculated as follows: 


Loading a istance (feet) “x 60 60 , ebLing @istince (Pest) x! 60 4 
Loading sveed (f.p it.) | inhaul speed (f.nem.) - 


_return distance (teet).x 60° + operating time loss in seconds, 
average return soced (f.p.m.). ~. } 3 : 


These cycles have been calculated for various lengths of haul and stand~ 
ard snceds aud are shown in table 20, As indicated by thé footnote, addition- 
al calculations involve the use of maximum inhaul soeeds (from table 18) with 
reduced return speeds for certain extremely long hauls, but these must be | 
considered as snecial installations fitted to suitable operating conditions, 
They are oresented merely to indicate the added capacity which may be obtained 
by higher inhaul speeds where conditions warrant their use, 


The hourly canacity in cubic yards of a slackline for any given average 
hauling distance may be calculated from the time cycles of table 20 in the 
followin;: manner: 


Rate ed bucket t capacity (cubic yards) x 3,690, 
Tyme cycle (seconds) 


The capacity thus odtained is siya" tilaceatienY Because it males no 
allowance for losses due to unfilled buckets and other delays not included 
in the factor used in calculating table 20, Tne theoretical capacities in 
cubic vards ner hour for various penne Spee coe. are . shown in table 21, 


The fizures given in table 21 are used as eobe .sis from hich to contpute 
safe working capacities, Cubic yards are first converted to tons in which 
the weight of a cubic yard of sand and gravel is assumed to range from 2,900 

0 3,240 pounds, These figures are then reduced by an arbitrary percentage 
based on experience, The slaclline cableway has been found by time studies 
to have an average working capacity ranzing from 60 to 75 percént of the 
theoretical as herein calculated, Thus the minimun tonnage figures found by 
conversion from table 21 are reduced by 40 percent and the maximum by 20 
percent to obtain the estimated working capacities in tons per hour as shown 
in table 22, | 
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I.C. 6314. 
HYDRAULIC GIANT OR MOMUITOR 


The term "hydraulic" as used to define a mining aerod is entirely dis- 
tinct from and should not be confused *-ith excavation by the use of a 
hydraulic or pump dred,e. 


Hydraulic mininz methods anieinavad in the recovery of placer gravels 
containing gold, Under the prover conditions these methods are inexpensive 
and afford a good recovery, As applied to sole recovery, the term is 
loosely used to cover two distinct methods-—"sround sluicing" and “hydrau- 
licking." In ground sluicing the gold miner utilizes the erosive action of 
running water, either in cascading over: the tov of a gravel bank or so di- 
rected as to undercut the bottom of the bank, In hydraulicking the water 
is conducted to the bank throwzh pines under medivm to high pressures and 
used to undercut and cave tne banmz, So far as the writer is aware ground 
Sluicing methods have never been used to recover commercial sand and gravel. 
Hydraulicking has been used for this »urpose to a limited extent, 


Pressure for the water used in hydraulicizing can be obtained in two 
ways—~either by. tapping a source at a higher elevation or by puming, The 
selection depends entirely woon the tovogranhy of the surrouncing country. 
In mountainous areas sources of sufficient water sunnly can frequently be 
found in springs or streams situated higher wu» the slove from which the 
water can be carried to the vicinity of the gravel by ditcnes or pipe lines, 
In this way the natural fall is utilized to produce the necessary pressure 
or head at the hydraulic giant, In flat areas the head must be supplied 
by pressure pumps, Although a large quantity of water can be pumped for a 
comaratively low cost, it has seldo:; veen found economical to pump water 
for placer-mining operations, 


- 
In a recent revort by Gardner and Johnson=/ the onerating costs at a 

munber of »olacer mines are given, from which table 23 has been abstracted 

to compare the cost of using »oumms and natural head to suonly pressure, 


TABLAS 23. ~ Comoarison of nlacer mining overating costs 


. ———— ae = 


aaa ia, ia i i 
| | | 
dines using | Number of : Cubic yards of Tons exca~ Operating cost 
water from mines gravel excavated | vated per. per ton 
daily __—s—s| so lebor shift 
Minimum | Maximum | 

peer tas us NTSC epee epee er SC entero ern ene em 
Tatural head <6 49 599 : 41,29 $0 042 
Pumps 3 18 500 ! 06 ,00 ; 0dn8 


_—, Sesame 


ee ee Ee ee oe Ee ee 


ra Gardner, E. Da. and Johns on, C, Hy, Placer Mining in the Western United 
States. Inf. Circ. 6787, Burenu of Mines, 1934, &9 pp. 
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Table 23 shows that where the hydraulic water must be pumped the operat- 
ing cost is greatly increased, This table is given mérely to illustrate the 
cifference in cost and not to condema pumping for hydraulic purposes, Where 
local conditions permit. hydraulicking even with punms thay be cheap and 
effective. . ew Peek Pa Gnte 7 ate ey Bs geese Se Sy 


dydraulicking requires the use of hydraulic giants or monitors, These 
are essentially portable. nozzles attached to the-end of the water-supply nine 
and having contracted.orifices. through which the water issues. under pressure, 
In general they. are similar tq nozzles-used'on the:ends.of fire hose, al- | 
though in detail the resemblance is+small,. The smaller. sizes may be attached 
to a ‘short ‘length. of. hose for. hand oneration by one or more men, The °, 
larger sizes and those using high pressure are usually. mounted on @ portable 
base and. nave mechan ical. attachments to direct and. deflect the tesunne. 
Streets. Cne man. Operates Siem = 7 7 os . 


The. eiant eonaiaus ie a, ieee ed, Bernt eaaliy seecmacee: of two 
elbows working together,.a spout or short tapered length of pipe, a nozzle, ©. 
and a deflector, (See fig, 6.) . The universal joint fastens to the end 
of the supnly-pive line and permits.either vertical or horizontal movement. 
of the snout. Deflectors are of two types. One consists of a ball—snaped. 
flexible. joint between spout. and nozzle with a guiding arm'attached, By 
turning this joint in one direction the flowing water deflects the giant in — 
the opposite direction, Another. type consists.of a short length-of pipe of | 
larger diameter than, and loosely fitted over, the end of the nozzle, By 
manipulating it against the issuing stream the direction is changed just. as 
with the ball joint. . Attaching the giant to the pipe line cownteracts the 
upward :thrust of the, stream, and where low pressures are used the downward — 
thrust is balanced by a -counterweight and lever fastened on top of the spout, 


Excavation is accomplished by directing the stream of water against the 
foot of the gravel bank -and wdercutting it,.: The force:of the pressure tears 
the gravel. loose, and the expended water carries.it. to the sluice, ditch, or 
sump, “Sometimes a second giant is employed.to wash the grevel to the sluice, 
leaving the first for SUeene one 


~ 


As with anise methods of oon. ‘the siapsctcr of the material ex- 
cavated has an important bearing on-the efficiency of the unit. In gravel 
containing a large amount of clay, excavation will. be slower. because of the 
time and water expended ae up. the clay so: that the oa may :be. 
carried away by the Water Se eH 


Cemented gravels require higher water pressures ‘to break up the bond 
between particles of material in thé bank, Once broken, however, such gravels 
may not require more water. for sweeping to sumps ar sluices than loose mater~ 
ial of the.same size and ‘characteristics. 2 EAE : | 

In heavily cemented gravels it may be necessary to churn<drill the 
banks and blast ahead of the giant, 
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A flat bedrock wider the gravel requires more pressure to sween the gravel 
to the sluices than one on a slope; also a weathered or rough bedrock requires 
a greater pressure for sweeping. However, if the available pressure is fixed, 
a greater volume of water will be required to move the gravel over either a 
flat or rough bedrock, | 


The daily mwardage produced from any particular gravel denosit is pronvor- 
tional to the quantity of water used and the pressure on the giant. While it 
may be advantageous to vary either pressure or volume or both with changes in 
the character of the hank or material, there is no advantage in increasing the 
pressure if the pressure used is sufficient to break down the bank as rapidly 
as the volume of the stream can transport it, | 


In general, lower pressures are used for washing the gravel to ditch or 
sump than for cutting the bank, out us.ally larger q.un‘ ities of water are used te- 
cause there rust be sufficient water to carry the material AWAY Wherever 
gravel must be sluiced an apvreciable distance it is customary to compute the 
water requirements for the flow in the sluices at 90 percent by volume, or 
(conversely) the material sluiced shovld constitute 10 percent solids the 
same as estimated for good pumping practice, 


The proper pressure to use on a particular deposit can only be avproxi- 
mated before operation, Trial is the only accurate measure, 


Gravel deposits may be opened at either the upper or lower elevation of 
a sloping negooCrs but usually the eautes point is preferred, 


The head a which water is swplied to giants ranges comuonly from 50 
to 400 feet, 


While direct comparisons between hydravlicking and dredging methods are 
impossible because of the differences in mining acplication, the initial in- 
vestment required for a hydraulic operation may be considerably less than 
for a dipper or ladder dredge although, because of distant water supply and 
long ditches or pipe lines, it may exceed that required for a simple pump 
dredge, 


One of the principal items of initial cost is the expenditure nec-ssary 
to provide a suitable source of water, This requires (1) the location of a 
suitable. source. at an elevation above the gravel such as to previde the 
necessary pressure head; (2) the construction of ditches, flumes, viaducts, 
or pive lines to carry the water to the deposit; anid (3) the construction of 
a reservoir near and above the deposit to’ receive the water from the ditch and 
transfer, it to the vressure pipe line terminating at the giant, Obviously, 
the variety of conditions existing at different deposits makes impossible any 
estimate of the expenditure necessary until all local details are known, 


frequently it is necessary to convey water long distances for hydraulic 
mining, some gold placers bringing it as far as 3C to 40 miles through ditches, 
It is doubtful if it would pay in sand and gravel excavation to bring water 
over a few miles, At times flumes mist be constructed to carry the water over 
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valleys or rivers, or it may even have to be siphoned in nipe lines over ele~ 
vations. Usually, however, ditches constructed on the surface are sufficient, 
but they must be as free from curves as possivle and of even cross section, 
They may require wlan lining to prevent loss of water through seepage or to 
reduce banx evncsion., Seeprge losses at times range from 5 to 20 percent. 


Table 24 nas becn abstracted and condensed from Gardner and Johnson's 
report to srov the culculated velocity and discharg2 for ditches of various 


cross section and sloxe, 


TAEIS 24, - Calculated velocity and discharge for ditches 


-—+ 


ae in % 
BOUCtOM Widthse+ se tacecinat cet | 140 


8,0 
Top WOU Dice ge seiceiron'e Scar aiecee eres do 2e0 16,0 
Den the sasisseosweeseu sews CO 075 4.0 
ATED sercccceceees square feet | 1,31 48 40 


Hydraulic radiusecesecsecsseen| eM 


. Velocity of flow (feet per second) — 


Slope (feet per mile) i 
2 - 


4 
6 
8 
10 
12 
15 
20 
Discharge (cubic feet per second) 

eae renee ae 
2 | 1.47 | 4,59; 10.32! 19,1 
4 | 0.66] 2.10] 6.55| 14.76 | 27.4 
6 | 81] 2.58 | 8.10} 18,12] 35.6 
8 ' 94] 3.00 | 9.38! 21,00] 28.8 
10 | 1,051 3.26 |10.53! 25.52] 43.7 
12 1 1,15} 3,69 {11.48} 25.68] 47.8 
15 i 1,50! 4,11 | 12.89] 28.80] 53.4 
20. | 149 | 4.74 14,85] 33.24] 61.7 
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The ditch or flume discnarges into a reservoir, which may be merely a 
large wood, steel, or concrste tank or a pond excavated on tne surface, The 
cifference in elevation between water sovrce and reservoir has no bearing on 
vane head supplied to the giant, This hend must be obtained from the differ- 
ence in elevation between reservoir and giant, 


The reservoir performs two functious, It transfers water from the ditch 
to the pine line and acts as a settling hasin in which may be removed silt 
and sand picked wm by the water in the ditches, Usually a settling basin is 
provided at the woper end of the ditch for removing such material from the 
water at the source, | 


The ditch should also be nrovided with adequate spillways to remove ex- 
cess water as in floods, 


Ditches usually range in slope from 4 to 8 feet per mile. The velocity 
of the water is seldom less than 1 foot per second and should not exceed 3 
feet per second unless the banks of the ditch are protected ageinst crosion, 


Recommended velocities and side slones for ditches ia various types of 
soll are as follows: | 


Feet ver Horizontal 

second to 
vertical 
Loose sand eee eee eee eee ee eee eee ee ee 2 1 onl 
sandy soil Seer uae W 06h aw 1619S we re bs we a we re eee a 1ij/2-1 
Loam SOHO TSCHOHEHHCEAHHE SHEE EHO OH EH THESE LESS OOTE® 3 1 1/2 - 1 
stiff clay or gravel Coecerccceroeescetcocooce 4 me 
Coarse gravel or cobblestones sesccccecsccses 5 1-1 
Cemented gravel or soft Lock ececccarccccccee . 6 1-1 
Hard rock SCoOSS See FEL eO FORE SE RF EOL OS EOE HS HOE HH RES LO O-] 


Tie velocity riven above is the mean velocity, Surface velocity may be 
. £0 to 35 percent higher, The devth of water should not exceed three fourths 
tue vertical depth of the ditch or from 1 to 3 feet of frecboard should be 
“llowed, | | 


Kutter's formula is usvally used for finding the velocity of water in 
ditches and their canacity. 


‘) 
Aeflh Aeflh + 41,65 + 2 OObL ee 
V WN i) 
— ———-__—___—_—-_-——— x KS, 
1 +i ( 41 ; 0.00281 \ 
vem bu + 5 ) 
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in which 


V = mean velocity in feet rer second, 
N = a coefficient representing tiie roujhness of the bottom and sides 
of the ditch, 


5S = sine of the slose (fall divided by length), 


= hydraulic radius (area of water section divided by verimeter of 
channel) in feet, . 


The usual value used for li for excavated ditches is 0,035, For con- 
crete or rough vlant lining 0,012 is used, | | | 


The water is conveyed from reservoir to giant turough pive, This’ may 
‘be of any type provided it is sufficiently strong to withstand the pressure 
cerived from the head, iJony placer iines use a slip joint vine fitting to- 
gether like the joints of stove pine, Others use soiral riveted vine wita 
flange joints, Crdinary water pine may also be used, Provision must be 
Made with any tyoe Vor expansion and contraction due to:changes in temmnera- 
ture, Usually expansion joints are provided at intervals of 100 to 2,900 
feet, Horizontal or vertical curves often vermit the elimination of exnan- 
Sion joints, ' 


The pressure on the pive line devends woon the head or difference in 
elevation between intake and discharge, Each foot of hoad is the equivalent 
of 0.433 nound ver square inch of pressure, ‘For convenient .reference table 
2o has been compiled showing the pressure for vartous -heads, 


es @ - be we ew 


TABLE 25, — Head! 


| Pressure, | | Pressure; :--|- - .,.{/ Pressure, 
Eead, |! pounds ver | Head, pounds per Heed, | pounds per 
feet “| square inch feet square inch fect ( square inch 
aaa aaa anal — 7: 
1 0.433 10 4,33 100 | 43 3 
2 0866 20 8,66 200 | 86,6 
3 | 1.299 ZO 12.99 BO 129.9 
4 | 1.732 AO 17.32 400 | 173.2 
5 2.165 | 50 21,65 | 500 i  .216,5 
6 2,698 1 60 25,98 Goo. | 259 ,8 
@ 3,031 70 30 .d1 | | 700 303 41 
3 3.4464 | 80 34,64 — 800 : B46 4 
9 3897 | 90 38.97 ; 900 | 389 7 
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If the, available head is lmown, the corresno:ding pressure can be read - 
from the table and tne prover vine selected from manufacturers! specifica- 
tions, A factor of 4 should be alloved for safety, or, in other words, at 
200-foot head the pressure is 86.6 vounds ver square inch, The vipe should 
have a bursting strength of not less than 4 x €5.6, or 346.4, or, say, 350 
pounds per square inch, 


The installation of the pine line should be as straight as possible, 
curves either horizontal or vertical should be avoided, and where necessary 
the pive should be ancnored securely, Steen slopes also require anchorage 
to prevent downnill creep from expansion and contraction with temperature 
changes, Where vertical curves are necessary they should be vented at the 
top to release accumulations of air, <All silt and sand snould be removed 
before the water enters the pipe line, otherwise under heavy eee the 
giant will suffer ‘severe’ ‘wear’ and erosion, A nozzle worn out of “round does 


= «© > @ © * B@ #7 8 


The sneer ‘of water délivered — a siant denends ‘uwoon aay: 
of the pipe, (2) the. effective hydraulic head, and (3) the size of the nozzle. 


e. gegen * © 


The flow of water through hyéraulic giants may be calculated from the 
following formula:4 : 


| aE Oe eee 
gece \jr= (ay \26 B 
in which, Q = cubic feet of water ver second, 


A = area of the nozzle tip in square feet, 


[i 
i 


effective head at nozzle in feet, 


{a2 
1 


0.91 a coefficient of nozzle €ischarge, 


diameter of the nozzle at tne base, 


| 
i 


[Pu 
Uf 


diameter of the nozzle at the tip, 
& = 32,16 acceleration due to gravity. 


This formula may be simplified to the following: ~ 


“Qs 8.02 CBA VE ‘ 


in which 2g is eneren ee che SAaeesl and the exoression 1- a iy 
. D 


is replaced by B, 


4/ Schoder, EB. W., Marks Mechanical eng Handbooks: 3d ed., 1930, p,. 265, 
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B is a coefficient used to correct for the change in the velocity of the 
water. at the entrance to the base of the nozzle due to different sizes of 
supply pipe. . The coefficient is empirically correct for the probable range 
of ratios d/D as encountered in practice, 


For convenience the waiues of B for various ratios between the diameters 
of the base and tin of nozzle are given in table 26, 


‘TABLE 26, ~ Values of BL/ 


Petey Ae I eee Soha tel aan aat I ace A NE A AS A KS 
’ 


a d 
D | 8B _| De 


0.1 erteeececenee 1.00005 
ek eoccveccene | , 1.0008 
eco eeoeevnsed 1,002 
ed @eeesteoeoeoe 1,004 
0d eceervecer 1.006 
o4 Cr ecvrecee 1,013 -- 


10.5 evoeenetar ee 


Ae) erceoeseren 
067 re ee 
Pit eo cocrcece 


gto eeeetenves 


08 eee@etoeransne : 


V The correction factor is seen to be practically y unity for any : any ratio a/D 
less than 0.3, therefore for such nozzles the following simler formula 


may be used: 
Q=8.02ca VE. 


The effective head at the nozzle is obtained by subtracting the friction 
head in the supply pipe from the static head. The static head is the differ- 
ence in elevation in feet between the water surface in the supply reservoir 
and the base of the giant. 


Before the friction head,. and consequently the effective head, can be 


determined, the velocity of flow in the sunvly pive must be know, This is 
calculated from the formula 


in which, 


I< 
1] 


the velocity in feet per second, 


the flow in cubic feet per second, 


[> $0 
it 


= the cross-sectional area of the pine in square feet, 


The discharze for any nozzle at any effective head can be obtained fron 
the simplified formula (p. 81). Table 27, calculated from this formula, 
gives the quantity of water discharged from nozzles of various tip and Bese 
diameters at selected effective heads, 
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The value of € = 0,91 is nrobably conservative, since several authorities 
give it as ranging from 0,9 to 0.997 or larger, 


The loss in head due to friction in the water supply line is affected 
by the length of the line, the diameter of the pine, the velocity of flow, 
and tue roughness of the interior of the pine, The latter is usually repre- 
sented by a constant which is ascertained by observation for know conditions, 


The friction head may be determined by the following formula: 2/ 


Be Ly 4 +5V-2. 
aa ~~ 1,000 


e 


in woich 


friction head in feet, 


[* 
u 


length of the pine line in feet, 


[t 
VW 


diameter of the nive in inches, 


ae 
"oa 


= velocity of flow in feet per second, 


<i 
J 


the divisor 1; 000 is a constant representing the condition of the interior 
of clean, sniral, riveted pine. | ee ? 


Table 28 gives the friction ee per 100 feet of various sizes of pine, 
The loss is. eee: ‘in eens feet. of head: and .pressure (pounds per. eae 
inch), : , 


The quantity of water Gelivered by various giants, as given in table 27, 
is based on the "effective" head, Tiuis does not mean the available static 
head, For: instance, if the available: source of water supyly is 200 feet above 
the giant, the effective head would not te 200 feet but something less than 
that, depending upon-the head lost in overcoming friction in the supply pive,. 
Since the frigtjon loss depends woon the length, diameter, and internal con- 
dition of the suoply pine as wel.l as the velocity of flow, obviously the 
economic solution of any local water-suw.ly problem depends won proper design 
of the supply line to render the friction loss a minimun, 


The flov of water through any ‘pine may be computed from the formula 
* QA, 
in which | 


the quantity of water in cubic feet per, second, 


Ps) 
rT 


= the cross-sectional area of the pipe in square feet, 


a 


= the velocity of flow in feet per Bacon. 


a eed 


5/ Cox, Wis, Kent's Meghanical Engineer's. Pocket oon “Bth eds, 1913, pe 717. 


2067 - 64 - 


Google 


Sayouy “ieyotletp octd 


00 °6 2°OT | S%2 

qh°S| G°6T} Bh°6 | 6°T2 

g3°l| 2°st}| 13° G*02 

O°} O°/T | Lees T°6T | tk 

085) LeGt] 99°L L°LT| 2° 

22°9t. 9%T | Otel H°ST| #I*s 
~—68°GT GST] 3G°9 2°Gt}| oGel 

£°G| £%éT |. 20°9 GT} 33°9 

n6°*H | HTT | 4S°S B°2T} 22° 

OG*H | 4°OT | 90° Lett} 92£°S 

60° | +t °6 65." -Q°OT}| 4a°S 

OL] eG°s | OT% | 09°6 LL 

come} EgelL | Gl% | So°s | 62-4 

B6°2"| 38°9 | Gb % qlcL | Bre 

GO*e'| 2T°O | B6°2, | B8%C THs 

He °2| ONG | 49°C, | BO2G | TO% . 

GO*e'| ¢l% -| Of 2, | 2k%G | . Lae 

BL°*T |} TT*h | 00°, | eoce 62 %2 

£G°*T | 24% cl*t. | 96% | 96°T 

62°T | 86°2 On°E, | Sk° 9o°T | 8% 

80°T | 6h°2 Te*t | O8%2 | E&°T | 02% 
HBB° | 40°2. }966°. | OLc2 | HI°T | 29°2 
goL* 7£9°T {96L°. || 4B°L | OT6* | OT*2 
OGG° |; le°T ;0e9* | &H*I | OTL? te °T 
9Th® | 96° “|839n* -.| BOTT | £2G°- | r2e°T 
G6e® 139° Jxee* | lle. | Tak°. | 88° 
G6T° |Sr° Te2*- | 13° | 9Se° 65° - 
dtt° | lee |HeT° - -| T°. | 26T°- , Gk o- 
9G0° |£T® {990° | Gt°. | loe- i LT*: 
-2t0°0 | x0°0 [6t0°0 fHHO"a | ez0°0 | S0"0 

dq Yo ee or ca Sao a 
BT or “ht 
gs txt"0 = you, eitends sed spuno 


ae — oe 


GOU*T 


e-AG+pin* 


Lins 


az 
7 


640° 


= paoy fo yoor=_ 


aan hole ee ee ee ee eo 2 ee eo 
ac Fa pe oA Ta Biota TeEIQZS JO 4890T OOT Aan, . Cd). Ut SEO0T wotisaTrrs — 


60°0 


ek 


@eeece 6,4 
eae 62 


| aaa: 82 


Seeee s le 


it escnes 92 


eee ee G2 


ee 


3 72°" ge 

- .L°Ty- eseres Te 
eeeaes 02 

Peg tt Bad e one 

.9,°,%,° ~ ST 

1°02 0 © 2.09 © Lt 
t OT OS eeee.: OT 
2 °9T See ee GT 
2 * hI. eorsse RT 
Geet. ttt tt St 
—G*OT.882t 8? ST 
G6°B |-te88** TT 


Shel 
27.°9 


—_——— - 


at e.°. ad e oe 


@@ © 00,0 
owe 7 © 


Sees? 


gorcee 


eseare 


0 
6 
2 
L 
geese g 
G 
ut 
¢ 
C 


" puodes 
Jed 4ysez 
£4 POOTOA 


ee ee, 


Google 


~ 9B loee 
06h} prot | o¢tn | ott | Loc] zett| 2nes| Seat oat selwoea 
co “th nL°6 Ont ¢*OT LL*h O°IT 10°S ]°*Ttl 3G°) G°*)T Ceoere 62 
76°L | OT°S | LTH 19° | ehh] 2°OT] |l%r! 6°0T Ot°2d | H°9T] *°°°°* Be 
19° | dn°8 | 33° | l6°B | LT*%R} £9°6 | ehth!] 8 6ecOT -2g°a | =f eGT) seeee* Je 
Th °s 13°] 19% he °3 43% 93 °3 OT °h Gt°6 T°9 ] HL ececcce 92 
OT% | OL °L Hz °% | ele GG*<| 02s 6L°< |} Ges 19°S TST ere C2 
26°2/£1°9 | 60% ;eT°L | Bec} LG*L | OG%} 20°8 HeeG | T8et) eetes: re 
69°2 | 02°99 | 4B° 19G°9 | 2O"%| 16°99 | eek] tel GB°h | |2ctty ttttt? £2 
ge°e | 39°S | T9°2}20°9 | LL°2} 62°9 | 96°} e3°9 ene | e°OT 82°°°* Ze 
‘Heo°S? | BTCG «| BLES | OG°S £G°2| #B°S Ol°2} 22°9 GO"h | HEE | 2o°"**t Te 
GO°e | el°h | -LI*°2 | 00°S O£*2} Th °G Gk°e} 99° g9°%% | 06°93 eoeees Og 
-G3°T |-de°% | ‘9o°T | 2eG° "* 80°C] O28 | 22%} ets eo" | Boek | ereees GT 
99°*T | 43% | 9L°T | LO*h BB°T} $$ % 00°2; TO% 00% | 26°9 ft... Bt 
6r°L | Hh 8G°T }G9% | gg*t| lst: GL°t] 2th 69% | 0e°9.| “ee LT 
2£°T} 90% | On*T 1 Hees | GH°T] fhe | OG*T! LlO% BL% | OG°G fr. OF 
LT°T | OL°2 Heel; os°e | ek°t] 0% On*l} Hees TL°S | 98% | oot t. GE 
f£O°T | uk°e | GOT | TS°2 | GI*T] 99° | s2°T] 48° GB°T | 92% | ttle RT 
883° | 40°2 | On6® | Lt°e OO°T} Th°e LO°T| Sree OOfT | OLS | oft rf 2. 
2gl® | sl°t ; o7g* | le*t | 1G3* | gso°t | HI6° | Tle Pee dee We eee 
Grg° | Ener 189° | 8G°T | 8el* | g9°t | GLl°: | 6LeT Ltt oc ke am eee eary A 
enS® | Ge°t | 2iG* | ek*t {909° On°T | SHO® 6t°T O16° lo nets | 2222261 
enh® | cO*T | 894° | 80°T | 86r° GT°T | gBeG° ce *T ob 1° 1 Cage i reece oad 
GGt* lege | eese jogs 166:* | 26° | Gene | 36° 965° + Lhe J etstee, 
lle° 49° O62" | 19° et § eL° 62% ° gle BOR. 2) StL) ee eek 
B02" | 8h° Ltz° |O0G° |+#he° uel lee | lG° Cle Vogt erase e 
lyt° ¢° oGT° | 9c° 691° 6 ° 3lT° Ti* 69e "| eOt ao 
OOT’ | £2° | HOT® | He |eTT? | 92°. | LTEe | Lee Sh he tt ne ae 
090" | #T* |090° |Ht* |G90%] Grt* | 6e0° | 9ot* H0T° a Heo ore Cs 
020° | 1o° | O£o° | Loe 1Gf0* ,; go° | G%o° B0° 2450" eL® dete ie 
600°0 | 20°0 | 600°0 | 20°O | 600°0! 220°0 | OTO*O! £20°0 GTO°O {420°O | °°rr nT 
aq! @ ao! @ ad.iod@ a a qd .| @ - puodds 
9 ee: | 0 8¢ e O2 Jad" 4aa5 
SayoutT “1eyowetp edtqd | --—1€___1___* “£4 TOOTOA 
er e b d d= ‘ 000*T P - = 
Jd £¢4°O = YOuT orerbs. qe spuno a! Pear oh h x 1 = pesy jo yoojs-— i 


(penutzuog) odTC paeqeaTsi 4yUusTeIys JO y9ey OOT seu 


EP Ee 


SOT UOTZOPAG — *Sc WIEVA 


HT29 


Google 


I,C. 6814 


Table 29, conmuted from tuis formula, shows the quantity flowing in 
pives of various diameters at various velocities, Quantities are given in 
both cuvic feet per second and gallons per minute, 


Tables 27, 28, and 29 have been commuted to enable an operator to select 
the prover size of giant and suoply line to meet nis local conditions. 


Various other. formulas are given by authorities on hydraulic operations, 
end they are published in standard handbooks to wiich the reader is referred 
for more detailed tecinical information, 


Cverating Limitations 


Hydraulic giants require water under pressure produced by natural head 
or from pums, 


the « distance from the bank at whica they may te set uo and do effective 
work depends upon the pressure at the nozzle and the character of the gravel, 
It ranges from 40 to 450 feet but usually is from 100 to 300 feet. 


Althouzh table 27 snows certain ti»r anc base diameters for giants 
various other combinations may te used, Most giants may be fitted with 
various sized tips, Vherefore, when starting operations a larger unit than 
initial production requires may be inst-lled and fitted with a smaller nozzle, 
As tonnage requirements increase, larger nozzles may be used up to the capaci-~ 
ty of the giant, 


Where the principal duty of the giant is to cut the bank or-where the 
bank is tight or cemented, smaller nozzles wita higher pressures are used, 
Larger nozzles with less pressure are used for washing or sweeping. 


At times two similar giants are used, one with a small. nozzle for cutting 
and one with a larger nozzle for sweeping. 


One larze giant will usually Go more worl with the same. ‘quantity of 
water than two smaller ones, 


Auxiliary Equinoment 
The hydraulic giant reauires a relatively larze water suoply, preferably 
under natural head, Where the tonography permits, the water may be brought 


from the source to within a short distance of the giant in ditches, Where 
sufficient elevation is not obtainable near tne giant, pipes must be used, 
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In gold placer overations the giant cuts the gravel from the bank and 
washes it into the sluices in which the gold is recovered, This method may 
be used in recovering commercial sand and gravel, but it may also be modified, 
Instead of washing the gravel to a sluice through wnich it would be carried 
to the washing plant, the gravel may be washed to a sump previously cut in | 
the bedrock, From the sump it can be picked up and sent.on to the plant by 
a dredge pump, By the same arranzement a clamshell crane could pick up the 
material to any tyne of transportation equipment. By the use of bedrock sumos 
within reach of the sweeping range of the giant, the floor of the excavation 
can be kept level, If sluices are used the floor must rise as it advances 
to accommodate the necessary grade for the sluice, Sluices are usually built 
in 10- to 16-foot sections averaging 12 feet long ana from 1 to 5 feet wide, 
The grade ranges from 1/8 to 1 1/2 inches to the root (1.0 to 12 1/2 percent) 
but is ordinarily 1/4 to 3/4 inch to the foot (2,1 to 6.2 percent). 


Where no natural head is available, water. must be punmmed to the giant 
under pressure, 


Canacity 


The capacity of a hydraulic giant in terms of the number of cubic yards 
or tons of gravel it will remove is incapable of exact computation, 


In placer-mining water is commonly measured in miner's inches, A miner's 
inch is the equivalent of a flow of 1 1/2 cubic feet per minute over a period 
of 24 hours, 


the duty of a miner's inch in hydraulicking is defined as the number of 

cubic yards of gravel which it can break down and move to the sluice in 24 
hours, The factors affecting this duty are so varied that at only a few 
mines can direct comonrison be made, For the same reason an averege duty 
cannot be computed, The duty appears to be highest in large-scale operations, 

Tight or cemented gravel is difficult to break down, requiring higher pressure 
or excess quantity; a high bank takes less water per cubic yards than a low 
one; a flat bedrock requires an excessive quantity for sweeping the material 
to the sluice; angular rock and gravel with flat or large boulders requires 
more water; clay-bound gravel requires-excessive washing; high pressure is 
more. effective than low for cutting or sweeping; and one large nozzle has — 
usually been found more effective than two smaller ones using the same quan- 
tity of water, eo ** Ns 


According to Gardner and Johnson, &/ the calculated duty at 40 placer 
mines. in 1932 ranged from 0.4 to 4.3 cubic yards-per miner's inch, including 
vash water, 


Wimmler?/ tabulates water duty at Alasican seal mines at 0.25 to 10,0 

cubic yards per miner's inch, 

C/ Gardner, E. D., and Johnson, C. H., Placer Mining in the Western United 
States: Inf, Circ, 6787, Bureau of Mines, 1934, &9 pp, 

?/ Wimmler, N. L., Placer-Mining Methods and Costs in Alaska: Bull. 259, 
Bureau of Mines, 1927, p. 139.. | 
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In few placer mines cited by either authority, however, was the total 
water used exclusively in the cutting siants. In most mines water used for 
hydraulic elevators, for tailings stackers, or for ground sluicing was in- 
cluded, Wimmler states that wnere it is unnecessary either to elevate the 
gravel or stack the tailings a duty of 3 to 4 cubic yards per miner's inch 
should not be uncommon, Ina single instance he cites a l0-cubic-yard duty 
in stripping frozen :mcx where no elevatinz or stacking was required, He 
also accounts for the low water duty at placer mines as due to the low bed- 
rock and sluice-box grades end generally low water pressures, 


As sand and gravel overators do not customarily use the miner's inch 
as a measure of water flow, this paper ae calculations to cubic feet 
or gallons, 


The miner's inch is the equivelent of a flow of 14 cubic feet or 1]} 
gallons per minute for 24 hours, 


Since a flow of 1 miner's inch of water is estimated to produce from 3 
to 10 cubic yards of gravel in 24 hours, a flow of 1 cubic foot or 74 
gallons per minute will produce from 2 to 6,7 cubic yards in 24 hours or 
from 0,083 to 0,28 cubic yards ver hour, 


In sand and gravel practice it is customary to estimate the water duty 
as similar to that required in hydraulic puminz, namely, the gravel carried 
is 10 percent by volume of the material pumped, 


On this basis 0.083 to 0.28 cubic vard of gravel per hour with a flow 
of 1 cubic foot of water vcr minute is the equivelent of 3,7 to 12,6 percent 
solids by volume, 


Correlating placer-mine duty with sand and gravel exverience, one can 
safely assume that in hydraulicking sand and gravel the duty of a flow of 
1 cuvic foot of water per minute will range from 0,08 to 0.25 cubic yard of 
gravel per hour, | 8 


This capacity ranze is of tne order of 1 to % Sy but the great divergence 
of Local eocevaons does not nermit closer estimation, 


Ropiteavicnxes eee: of duty to tavles 27, 28, and 29, with due 
weight given to the conditions. existing at individual installations, will 
enable the overator to comoute the equinment necesscry to provice the proper 
quantity with apnroximite accuracy, however, as previously stated, the 
pressure required cannot be calculated but must be based on esmerience, 


To illustrate the use of the tables a few examples have been worked out, 
as follows: 


Example 1,- Assume it is desired to produce 300 tons (200 cubic yards) 


per 10-hour dey from a heavily compacted bed of gravel, Water for hydraulick- 
ing is available at a distance of 5,009 feet and 200 feet above the proposed 


location of the giant, The contour of. the surface, however, is such that the 
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water must be yiped the whohe distance since equivalent elevation is not avail-~- 
able closer, This'means that ditches cannot be used to bring the water part 
way to the deposit, It also means that the effective head on the giant will be 
less than 200 feet, As less than 200 feet of head is available and the gravel 
is heavily compacted, the pressure may not be sufficient to cut the gravel from 
the bank without blasting or the use of an excessive pees. of water. 


Three nanaeed tons per day means 30 tons or, eeetiise 29 ‘cubic yards per 
hour, and since the Biever is cemented only a minimum duty can be expected from 
the water, 


The water required for hydraulicking is BRog= 250 cubic feet or, 1,875 


gallons of water per minute; that is, 4.17 cubic feet or 31.25 gallons per 
second, 


Table 27 shows that a 3-inch nozzle with 10-inch base will suoply 5 cubic 
feet per second at 200 feet effective head, or 4,34 cubic feet at 150 feet 
effective head, 

From table 29 an 18-inch pine line will suply 5,5 cubic feet per minute 
ata velocity of 3 feet per second, . et oe | _ + 


From table 28 the friction loss in an 18-inch pipe at 3 feet ‘per second 
will be 0,27 feet for each 100 feet of vipe line, : 


It is assumed the 18-inch pipe is brought to within 200 feet of the giant 
and that 10-inch pipe is used from there to the giant for easier handling,. 


From table 29 (by interpolation) the velocity required through the 10- 
inch pipe to supply 5 cubic feet per second is 9,2 feet pee second, 


from table 28 the corresnonding friction oe will we 328d feet of head 
per 100 feet of vive. 


On the basis of 200 feet of 10-inch and 4,800 feet of 18-inch pive, the 
loss in friction head in delivering 5 cubic feet Dee second will be as 
follows: . 

Feet 

200 feet of 10-inch pipe @3. BB secscrsonrserccsvescccccscseees 7666 

4, 800 feet of 18-inch Dive Ww 1@) woe Terre rrr fee ee ee 12.96 | 
Total friction—head LOSS sesccccccccaccccessccccscccsccsesesn LU gb2 


The effective head at the giant will then be 200 - 20.62 = 179,4 feet, 


At this effective head the giant will deliver 4.8 cubic feet per second, 
which is in excess of the 4,17 cubic feet required assuming that a minimum 
water duty could be exnected, 


Provided no water were lost and assuming the 179.4 feet of head provides 
sufficient pressure to cut the compacted gravel, the flow inthe sluice to 
vlant or pump would be comnosed of 96, 9 percent water and 3,1 percent solids 
by volume at the assumed water duty. 
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nxamle 2.- Assume the same conditions as in examvle 1, except that the 
surface contour is such that water can be brought to within 1,000 feet of the 
Giant in ditches and still be 200 feet above the giant, 


Table 24 shows that a ditch having a bottom width of 3 feet, top width 
of 6 feet, and devth of 1,5 feet will discharge 6.55 cubic feet per second 
at a velocity of 0.97 feet per second it constructed on a slone of 4 feet 
per mile, Since the flow is 57 percent more than the assumed requirements 
such a ditch shovld be ample, and since 4,000 feet will be required 1,000 
cubic yards of excavation will be necessary in its construction, The intake 
end must be 3,06 feet above the nign-water level in the reservoir from which 
the pressure is obtained, | | 


Let us assume that 24-inch pive will be used from the reservoir to 
within 200 feet of the giant and S-inch »wive from tnereon, This requires a 
S-inch giant with an 8-inch base which from table 27 will sunply 5,13 cubic 
feet of water per second at 200 feet of effective head, 


Table 29 (by interpolation) shows that a 24~inch pine will supvly 5,13 
cubic feet of water ver second at a velocity of 1,63 feet per second, and- 
table 28 shows that the friction-head loss at this velocity is 0,074 feet 
per 100 feet of pipe. 


table 29 shows that an 8—inch pine will deliver 5,13 cubic feet per 
second at a velocity of 14,7 feet per second, and table 28 shows that the 
friction—-head loss at this velocity is 11,65 feet per 100 feet of pipe. 


On this basis the loss in head due to friction will be as follows: 
Fect 

800 feet of 24—~inch pipe @ 0.074 esis dubia se eseraranerate weereuane. avai ais 0,592 
200 feet of B-inch vipe G@ 11,65 c.ccrcccscccvcesesvevesess _ Cea 
Total friction—head loss SCecevcesceerseeesregeveeeeeersesseede 23 e892 


The effective head will be 200 — 23,892 — 176,1 feet, 
At this head the giant will deliver 4,8 cubic feet of water per second, 


If the 200 feet of &inch pipe were replaced by 10-inch pine the loss 
in head would be as follows: | 
, : | Fest 
800: feet of 24-inch bise@ «074. <ssescetasiawdawewsenseceeeees. Os09e 
200 feet of lO-inch pine @ 3e8S eescccrcrncscvevccseveseseses _ 1906 


Total @eeeeeeneeeeeseneanrtreveeeeeoeeseeceaeteeeaeeoeseoneeeenoeeese 8.202 


The effective head would be 200 = 8,25 = 191.75 feet and the flow 4,96 
cubic feet per second, The substitution of the 10-inch for the 8-inch pipe © 
woubd increase the volume of water delivered by the giant but, by decreasing 
friction loss, would have increased the effective head at the giant by 
191,75 ~ 176,1 = 15,65 feet, or 6,8 pounds per square inch pressure and thus 
make the giant tnat much more effective for cutting the hard bank, 
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axample 3.- Assume ‘the same conditions as in examle 1, except that the 
gravel is loose and contains no clay or boulders, or in other words offers 
opportunity for a maximum water duty. 


The water required for hydraulicking will be O85 = 80 cubic feet or 
600 gallons of water per minute; that is, 1,33 cubic feet or 10 gallons per 
second, 


Table 27 shows that with an effective head of 200 feet a 1 3/8-inch 
nozzle will supply 1.06 cubic feet of water ver second and a 2—inch nozzle 
2e26 cuvic feet. The smaller nozzle is inadequate, and the larger one throws 
considerable excess water, The provable solution lies in selecting a nozzle 
tin between these two sizes, A 1 5/8-inch nozzle tip with a 6-inch base under 
an effective head of 290 feet would throw 1 0485 cubic eooe per second, 


Tables 23 and 29 shew tnat a 1lO-incen pine will ig 1 05 cubic feet at 
a velocity of 2.76 feet per second with a pb eew SO neae loss of 0,43 foot per 
100 feet of pipe. 


If 4,800 feet of 10-inch and 200 feet of 6-inch pipe are used tables 28 
and 29 show that the 6~inch pipe will suonly 1.5 cubic feet per second at a 
velocity of 7.64 feet per second with a loss in friction read of 4,51 feet 
ner 100 feet of pine, 


The friction head loss would then be as follows: 


4,800 feet of 10-inch aipe @ 043 De aera ein eeu eins 20 .64 
£00 feet of G-inch pine G 4eSL geveecerevcercceccsscccesses F002 
Total @etetereeseeevnvnaeetetetosreeernereveereeeeeoeevesnseeveetoevesneoenene seg 29 66 
Tie effective head.at. the giant will be 200 - 29.66 = 170.34 feet and 
the flow 1,365 cubic feet, per second or slightly more than required, 


The solids woua comoose a little less than 11 percent of the flow in 
the sluice, and since the gravel was assumed to be loose no difficulty should 
be experienced nere, 


The available head might easily be more than required, however, under 
the assumed ccnditions, In such case, the head could be lowered by a pressure- 
reducing valve in the suoply line or by bringing the water part way in ditches 
toa pcee one tau a lower elevation near wee aes 


Example 4, a Reitane th Le same sonakeiene ag ee gravel and tonnage require- 
ments as in example 3, but assuié that the land. gurface is flat and conse- 
quently there is no water suonly affording a natural head, Hydraulic water 
rmuist be pumped to the giant from a source 5,000 feet distant and from an 
elevation 20 feet below the giant, Assume further that 100 feet of effective 
head is required at the ziant, 
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The head against which the pum must operate will then be the effective 
head at the giant,plus the friction head in the supply line,plus 20 feet of 
static lift, plus, say, 15 feet of suction head at the pum, 


As in example 3, 1.33 cubic feet of water will be required per second, 


Table 27 shows a 2=inch nozzle on a 6<inch base will supoly 1.6 cubic 
feet per second uncer 100 feet of effective head. This is more than required, 
but it is assumed that this selection is made, 


Table 29 shows an 16-inch pipe will deliver 1.77 cubic feet per second 
at a velocity of 1 foot per second, and table 28 shows the friction—head 
loss to be 0,04 foot per 190 feet of tine at this velocity. 


Assuming the 18-inch oipe is brought to within 200 feet of the giant 
and 8-inch pine used from there on, tables 29 and 23 show the velocity in the 
8=inch pine would be 5 feet ner second and the friction—-head loss 1,54 feet 
per 100 feet of »nive, 


On this basis, the loss of head due to friction would be as follows: 
Feet 

4,800 feet of 18=inch“vine @ 0.04: siiiswse sed sesuGscueeioeesews, d2.9C 
200 feet of 8-inch pipe @ 1,04 eeeeeweeevevoevevevneaeae eeeeesoeanetee@ 508 
Total. trict lonshead: LOSS: 64 s4.4.00 seeks eaesevessee~eteeeese: 0600 


The total head against which the pump must overate will then be as 
follors: 


PLPeChive: NeaG Ab BION <6 oce ew Sin cab oe edie b 6d w wanes muds ae wa we eew LO 


O00 Ok 


0) 
Friction loss @eeeaeoteseoeoeseseepvenev eevee eoeoreeauvneveeaes Goeevaeveensvegeveeg ee Fe 9) 
Static lift @eeeetoereaevreereseneveseveantsteereeesesnereaeneereeaee sees 20 

15 


Suction head COCCOSCHLO CCE CEH SHOTS HOHO HOS HAC HOSCHL OOH ESOH EH eHOOHO HEHE OHO HEROD 


oO 


Total CHES HOHSHSHSOHASHHO FETE OEE OEE OE FORE oe EO FCELO REE EO HOMES EEG 140, 
The pressure at the pump would be 60,62 pounds per square inch, 
A flow of 1.6 cubic feet per second is the equivelent of 720 gallons 
per minute, The indicated pumo requirements would be a 6—inch single-stage 


centrifugal pump operating at 1,759 r.o.m, and driven by a 40—hp. motor, 


The gravel under these conditions would cormose 9,4 percent by volume 
of the flow in the sluices, 
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DEPARTMENT OF THE INTERIOR - BUREAU OF MINES 


SAND AD GRAVEL EXCAVATION--PART 2: POWER SC , SLACK~ 
LINE CASLEWAY EACAVATOR, AND HYDRAULIC Glantl 


By J. R. myoeiene! 


INTROL GOTION 


This circular is part 2 of the third subject (entitled "Sxcavation") of 
a series summarizing, the technical problems involved in the production and , 
preparation of sand and gravel, Part 1 discussed the use of power shovels, 
craglines, and excavator cranes, This paper discusses the use of the power 
scraper, slackline cablewey excavator, and hydraulic monitor, and part 3 will 
discuss the use of various tynes of dredges, Subsequent pavers in the series 
will discuss the use of haulage equivment, the avolication of both excavating 
and haulage equinment to various types of deposits, and operating costs. 


Tile POWER SCRAPER 


The power scraper is a younger member of the various forms of gravel ex- 
cavators, It is a mechanized enlargement of tne slip scraoer and other 
scrapers which depend won animals for pover and has a greater range of operae 
tion from a single set-uo tnan any other excavation unit except tne slacicline 
cableway excavator, 


The mechanical construction of tne power-scraper installation bears 
little resemblance to that of other tines of excavators discussed in part I, 
Briefly, it consists of a head and tail mast or tower between which the load 
and return cables are stretched, (See fig, 5S.) The scraper is attached to 
these cables and is drawn baci: and forth by them, Thus the vower scraver is 
a dual unit, each nart of which may be moved indesendently of the other, 


At the dumpinz end the nead mast may be a single timber or steel struc 
ture set on a permanent foundation, The heac mast may also be built into and 
form a part of the treatinent plant, or it may consist of a self-nrovelled 
wooden or steel structure set on truci:s moving in either direction at right 
angles to the drag cables, | 


a AS A ee Re 


1/ The Bureau of Mines will welcome reprinting of this paner, provided the 
following footnote acknowledgment is used: "Reprinted from U. S, Bureau 
of Mines Information Circular 6814," | 

2/ Senior mining engineer, U. S. Bureau of Mines, 
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At the loadinz or tail end the structure may %e a sinmle low mast suyed 
vo anchorages set in the ground, Like the head mast, it may also be mounted 
on selI=-provelled trucks onerating on tracks waich may or may not varallel 
those at the head end, or the tail end may consist of a block attaclied to any 
point on a bridle cable, each end of wnich is anciored, Either head or tail 
sus nort may be noes on a cnassis movanS on caterpillar traction, 


Furtner flexibility is speaines bo eheieeias: deadmen around tne perishery 
of the excavation, from which guide blocks may be used to throw the scraper 
into the banic out of line between head and tail supvorts as needed, 

The motive power is suoolied by a two-drum scraver hoist mounted at the 
head end, The »ower may be either steam, gasoline, Diesel, or electric motor, 
In the. usual installation, the loadings cable is wound on one drum of the hoist 
whence it is led to a sheave at the top of the head mast. From there it 
passes on in the direction of the tail mast end is fastened to a chain or 
vire-rove bridle on the front end of. the scraper, The return or null=back 
cable is fastened to the rear enc of the scraper, runs to a sheave at the 
tail ancnoraze, thence. bacic' in an unguided sovan to a second sheave at tie tod 
of the head masts and then to the second drum on the hoist. (See fig. 5, 
plan ) 


One man overates the scraper by maninulatin;; tie hoist druns, As tne 
scraper is being hauled toward the head mast b; the loadin: cable: on one 
hoist drum, the otner drun is payin;; off the nulleback ca ble, When the 
scraper reaches the duming position the overator reverses the hoist and the 
pull-back cable returns the scraper to the digzing position, For each fixed 
vosition of head and tail suovorts the scraper travels in a straight ‘line be- 
tween them excent as modified by auxilliary cuide blocks, Thus the digszing 
area for two such fixed points is only a little more than the width of the 
bucket at the bottom of its troughed nath but may be nearly the full distance 
between head and tail masts. As the excavated trough deepens and material 
from its sides caves into the »ath of the scraner, the scraving widtn is ex- 
tended, The tail sun xort, however, may be moved laterally indenendent of the 
head mast as needed, and for each suc. move a new scraping area is mace avail- 
able, This movement of the tail end may be accomolished in three ways, With 
a bridle. suvport’' the tail sheave may be moved on the vridle. With a movable 
tail tower the tower itself may be moved laterally. By the third method tne 
tail susport remains stationary and the digzing area is changed by tnreacing 
the pull~back cable through a snatch block fastened to a shifting cable lead- 
ing to an anchorage off center froin the line between head and tail suovorts, 
This cable may be attached to a hand winch or a tnird drum on the hoist and 
shortened at will. Thus the scraper may be forced to dig’ into tue ban at 
either side and widen the excavation, 


The customary installation just described may be varied by returning tue 
yull-back cable throush a sheave or other device fastened on top of tie 
scraper, This breaks the long span of. the cable from tower to tower and gives 
tne operator more accurate control - ‘in spotting the scraper at the desired 
~oint, By braking the loading cable while the null-back cable is returning 
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Figure 3.—Power scraper. 
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Figure 4.—Slackline cableway excavator. 
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the enmty scraper, the latter may even be lifted in the air, Such close con- 
trol is aavantageous in long spans or when high towers are used but is very. 
severe on tae hoist clutches and braices | 


Another tyne of: installation is often used for long spans or high head 
towers, Where the head tower is hich and the tail suipoft is at a lower ele- 
vation so as to provide considerable incline from nead to tail, the pull—back 
cable is eliminated and a track cable substituted, The loading cable retains 
its original function, but the scraper is returnéd to the vit by gravity. To 
accomlish this, the drum vacated by the pull~back cable is used to manipulate 
the tension ou the track cable. i | 


A rope ig led trom tais drum to the sheave at the top of the head mast 
and is then threaded through’ a set of couvle or ‘triple blocks, The track 
cable is fastened to the: outer blociz of titis get, The other end is attached 
to the tail swoport, Thus the operator can regulate the tension on the track 
cable with one drum on the hoist wilile the other drum controls the loading 
cable, The scraper is hung from a carriage containing one or more sheaves 
free to travel on the track cable, Starting with the scraper at the digging 
voint and-the track cable slack, the operator pulls the scraper towards the 
nead mast by the loading; cable, As the scraper nears the dum, he tighters 
the track cable which throws the scraper high in the air while ‘Cump LNG « He 
then releases the loading drum, and with the track cable tight and:the scraper 
suspended in the air the carriage and scraper return by gravity to the pit. 
As the digging point is apnroached the operator slackens the a eapne 
lowering the scraper to the ercavevions » ah 


Excavation may ssouesacne the various methods in any winecrien radial 
from the head mast, Excavations may be of any shane, and when both head and 
tail mast are movable they may proceed along tae long axis of a comparatively 
narrow excavation, Thus the excavation ey. ‘be circular with the head mast — 
in the ceater or Eocvenoutey with head anc. tail sunvorts at either end or 
side. 


The power scraper may be used to remove dovervurden as well as to dig 
cravel, In removinz: »verburden a small area may be strinned first and the 
material dumped at the head mast to form an incline, wo which gravel may be 
dragged later to the dumoing point, When this small area is striped the 
scraper may remove the gravel, When the gravel excavation is cormlete the 
tail block may be set back and the eyeronEeee removed from a second and 
larger area. and : dur2ed. into the Tirst pit. 


aeaneeaae a distance between head eae tail masts. will be reacned beyond 
waich it becomes uneconomical to operate, but until then the power scrapor — 
does its ovm hauling and requires no transportation unit to serve it. wo fixed 
rule can be set as to what this economic haulage distance may be, It will 
vary with the size of the’ scraner, the power apolied to the load cable, the — 
speed of load and pull~baci: cables, the type of material to be dy;, the method 
of excavation, the design and weight of the aoe and the tonnage required 
in a given time, f <3 | 
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When the limiting haulage distance has been reached, a second scraper 
unit may be installed to extend the excavations and the.first used purely as 
a transportation unit. <Any other tyne of transvortation unit may be used if 
preferred, This includes portable conveyors, auto trucks, locomotives and 
cars, or aerial trams, When such equioment is used the dumping point of the 
scraper is usually a ram) built out of timber or fill material over a hopver 
which discharges directly to the transoorting vehicle or to a bin from which 
the uit is loaded by gravity. 


The drag scraper may be used to remove material from either dry or wet 
pits, The scraper overates between head anc teil swmports which are ordinari- 
ly placed on the ground surface, By the use of a slack cable the scraper can 
be used to reach considerable deoth, (See fiz. 3, elevation.) , Large ooulders 
resist digzing by the eChAD ee as they do with the dragline, although with 
the longer digzing trench of the scraper an accumulation of boulders can be: 
spread out over a longer area, wit.. more cnance of bein: DECRCe UR Boulders 
larger than the scraper cannot be removed by ‘it. . 


the tail swoport need not be on the same level as the head mast. -Thus 
the unper portion of a pit may be excavated dry if desired, The tail mast 
can then be lowered to the vater level and the lower portion of the pit ex- 
cavated wet, 


Likewise, the tail pulley may be placed considerably above the head wast, 
“ne scraoer then overates down hill, A track cable may be used in such in- 
stallations by mounting a third drum on the hoist. Gravity return cannot be 
used, With such an installation material caving from'the bank does not inter- 
fere with scraner operation but becomes advantageous, The caving of high 
banks is not a menace with this tyoe of equipment, In fact, bank caving is 
often used to increase production by excavatin,; high banks in the shape of 
inclined troughs, Material cavinz from the sides of the trough is dragred 
ahead of the scraver to the foot of the incline, In this way material can be 
moved in quantities greater than the actual canacity of tne scraner during 
the course of its great extension or hauling distance. Tne accumulations at 
the foot of the incline may then be scraped to the dumoing point with a 
shorter haul requiring less time, 


Structural Limitations 
The power scraper operates from the surface of the ground, and like the 
dragline the only vortion actually entering the excavation is the scraper 
and its attached cables, Therefore, it can be used witn equal facility in 


either dry or wet nits, 


Since the tail sunport may be either below or-above the head mast, the 
scraper can be used to excavate from either deep pits or high banks. 


The lateral or horizontal reach of the scraser is limited by the ‘eco- 
nomic hauling distance for a narticular scraper size, This will vary with 


different deposits and conditions, The maximum hauling distance for the 
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smallest scraper will be about 200 feet,-and the nauling distance will in- 
crease with the size although not in direct ratio, In straight-line opera- 
tion the average hauling distance will be one half the maximum soan between 
head and tail supports, When onerated radially, the average haul will ve 
about 70 percent of the.span, due to the greater quantity. of material con- 
tained in the outer area of the circular segment, 


The depth below ground to which the vower scraper may reach also varies 
with local conditions, Where head and tail swports are at about the same 
elevation the digging deoth will range from 10 to 20 percent of the maximum 
span, Where the tail swvort is below the head mast the digging depth may 
be increased by that difference of elevation at the extreme outer end, 
tavering baci: to the surface at the head mast, The maximum height of the 
tail susport above the head mast is roughly 50 vercent of the maximum span, 


The height to which material may be raised before dumping also devends 
uoon local conditions and requirements, If the tail mast is a part of the 
treatment plant it will exceed the roof level enough to accommodate the sag 
in the loading cable, If the building is constructed to permit a gravity 
flow through the plant the dumping height may be greater than it would 
ordinarily. In such instances it is necessary to construct a trough through 
which the scraper can operate in rising above the ground surface, 


In ordinary operation power scrapers dump 20 to 50 feet above the 
ground level, The duming voint is usually one half to two thirds the 
height of the head mast, 


The power scraver has no means of directly forcing its bucket into the 
ground at a designated voint as has the shovel, Like the dragline it de- 
mends woon the desi.n and weight of the scranver to dig. However, owing to 
the greater length of inhaul cable it has even less control of the point of 
entry than the dragline, In starting operations the scraper may follow a 
rather erratic patn over the surface of the denosit, This is quickly cor- 
rected, however, by subsequent trins in which the scraper digs its owm path 
in a straight line towards the head mast, 


The design of the power scraper itself varies greatly with the ideas of 
the manufacturers, It is not within the province of this report to discuss 
the superiority or inferiority of one design over that of another, but cer- 
tain differences in construction may be mentioned, 


All power scrapers are bottomless, Some are rectangular, some semi- 
circular, and others crescent shaped, Some have no top covering, some have 
a partial ton, and others are comletely covered, Some are designed to dig 
with one side only, while it is claimed with others that they dig equally 
well with either side uo, It is claimed that all tyves will dig until the 
pressure of the entering material against the cover or wover side lifts the 
scrapers; it then rides on its load without further digging. If through 
rough handlins a part of the load is lost, the reduced pressure immediately 
starts the bucket to dizging again. For further details the reader is re- 
ferred to the manufacturers! catalogs. 
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Primary nower for power scrapers may be either steam, gasoline, Diesel, 
or electric motor, Since the vower requirements of power scrapers are »e- 
culiarly similar to tnose of hoisting engines, many vrefer steam or electric 
power for the larger sizes, Table 14 presents the working ranges and speeds 
of power scrapers of various sizes according to manufacturers! catalogs. 
Table 15 gives the power:wnits ordinarily furnished with scrapers of different 
sizes, 


Service Equinment Required 


As usually swoplied, the power scraner may be classed as semiportable 
equioment, The head mast ordinarily remains stationary for considerable 
periods of time, althowsh the tail anchorage may be shifted daily. The vovwer 
unit is placed at or near the nead mast and does not require a constant 
shifting or power cables, water lines, or fuel lines, 


The scraver is itself a transporting unit within the limits of its span, 
It can deliver to other tynes of haulage equinment when necessary, Auto- 
trucks, cars, and aerial-tram buckets can be used, When the scraper delivers 
to these types of equinment it is usually sumplied with a bin at the head mast 
from which the haulage units are loaded by gravity. -If a second scraper is 
used for haulage the first delivers to a storage vile on the ground and the 
second scrapes from this pile. The introduction of a loading bin or storage 
pile at this point makes the digsing scraper independent of the service unit 
to the extent of the capacity of the bin or pile. Thus a less exacting service 
by the haulage unit is necessary because during its absence the scraper can 
dumo to bin or nile, 


Capacity 


Theoretically the canacity of a drag scraper devends woon the size of 
the scraper, the speed of load and pull—back cables (or gravity return), and 
the distance between digging voint and dum. 


The working capacity depends upon all of these elements and others such 
as weather conditions, the character of the material to be dug, whether 
excavation is from wet or dry nit or bank, the desigm and weight of the 
scraper, the service rendered by the accessory haulae unit, anc tne location 
and efficiency of the operator, 


Calculating theoretical capacity on the basis of scraper size, cable 
speeds, and drag lengths vithout allowance for any delay would give a canacity 
figure of no nractical value. <All the other elements that affect working 
capacity must be evaluated and their influence represented in any formula 
designed to determine a capacity figure which can be used by an onerator, 
Elements affecting working capacity are for the: most part intangible, and 
they are not suscevtible to reduction to mathematical precision, Therefore, 
in the writer's opinion drag-scraper capacities cannot be calculated by 
formulas, 
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